Pushpa Bhat

Fermi National Accelerator Laboratory

March 4, 1998
ANL



ODUTLINE

s Motivation for S{'mng D&Inamv'cs
e Overview of lechnicolor
and vaviants

e Techm‘co{of Si‘g natures

o Technicolor Produchion at hadron collidevs
— Searches at CDF

e Technicolor Production at /u" /u" coll ders

. Summarg



NEW STRONG DYNAMICS

o Success of the Standard Model
has been gpectacular |

o But, neuy physics seems ineyitable!

~the cause fos electyoweak Symmeérg
break::r? and the Origin of fermion masse,

and mix:‘v?s are wunknown
e There ave two enti cr'ng, theovetical
approaches to understand EWSR
- S‘upevsgmmeirg
(Ele me,n'.*a..)'} Scalay bosons)
- Sﬁrong Dzﬂamr'cs

(Cﬂmposites bound by a mew
Atron g inferachon)



OVERVIEW OF TECHNICOLOR

o H@inbeY?, Susskind 1979
o Technicolor (TC) is a Si‘Yong Interaction
of mew fermions (technifeymions) and

gauge bosons oF a Scale of /\.Tc~1 TeV

® causes dt(f,namf cal breaking of
electvoweak Symmef?
- No Ht'??s! No e emenfarg scalar bosons

o Inspived 6; QCh Pvccedem"

- QCD bveaks chiral s mme'fry of
mastless Guarks, Leads to  pseudo-Goldstone

bosons 17, K, M-

- Would break SU(2) xU(1) im+he absenrce
o e

- Gives mass to W and Z with corved
Mifwm, > buwk 7”»41'-'{532”;&1

3(":: 93 MeV
m, ~ 50 MeV



TECHN|COLOR (contd.)
e 1Cas scaled up QCD 1o the TeV scale

- mew technifermions as SU(2.)
doublet and Sr‘ng/e/'s

- mH: MZ CO-‘@N = -é:?F".
Fn:¢246 GCV
- 3 Trio ‘:9 1"JL J-ZL

o ND>1 technidoublets
= Np-4  extra T

How do Hpeg ?ef mass ?

How do the SM fevmiong 7@!’ 'mass?



EXTENDED TECHNICOLOR

L Dl‘rnoPOulos & Susskind ; Eichten % Lane 1979
» TC does not provide for "hard masses’
The SM fevmions can acquire masses
' f they couple t technifermions via
additional gauge intevactions (ETC)

ETC

m m{ - ?E i;c <-7—?)
W ME Te el

e Break Gere = Gr © Ggo ® G
at some hi?h energy Scale
A = (©(100TeV)



So,

[n the stardard Higgs model of ENSB,
> the #:‘ﬁs Pofen'h‘a/ breaks SUR) x V(1)
> U# 0 endows NI 2 ifh masses
> Quarks and leptons 7e-f- masses -/*ﬁrouyk

arbt'ffo.rg Yukawa Coupla‘rgs to fhe Hc'”,_c feld

Tn the technicolor scenario,

< TC inferactions become strong at low
energies forme a technifermrion condensate
that breaks cAira/ Jymmehy

> Cives mass fo K, 2

> New ETC gauge bosons couple fermions
to techn: feymions alfow{v% The fermions
to communicafe Yoith fhe cmdensate



BUT, TOP QUARK S HEAVY!

o M, = 1756 £55 Gellcz  (CDF+D@)
¢ ltTt.'Jp cpum'k (s a vemarkable partic,
even for a c;uark. " --Qw'ﬂ

o Heaviest -Fundamenl'al Pm'trde Known

o Top quark is the elementary poticlk.
most .shong/g cou/oled to the mechanism
of mass generation and/ov to the

dgnamt'c: of ENWSB (Ge= ™ JE)

e

To P @aar’k Maff have

um'@ue d#namr'cs [
Anoi’hezr may fuming poinf:
i 4 opcolor.. assisted technicolor

C. Hill, Phys. Lett. B 345 (1395) 483
1
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TECHN/ICOLOR SIGNATURES

Non -m 1'31 r‘mcd
o The Lc‘ghfesz‘ New Pm%fc/e_c are

fechnipfons CZJ 100 GeV)

]TTO —> tt, bb,cc, ¢re-

TTT°' —> 99, tt, bb, ..

mt — cb, c5,

o Color- sing/ef techni7hos
(m ~ 200-400 Gel/)

z t + + -4
fm — WE, WM znT, TS

0
PT — HNH, ‘_‘_)_____21’ TT.,.IT.,.

o Colov -octet technivhos
(w~ 200- 400 GeV)
> 4 jeks (bb 5'5)
ﬁrc —> Ty 39 1-10 pb Tevetm
|-1lonb LKC

# Color—sm?(ef fedmf'Omega
0 0 p t,”
O —> 1My, 217, 93, L't
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W + ZJet with SVX b-tag

CDF Prellmlnary

— 300
“'Q Dots Background Dlstnbutlon(zz fb ) |
2 'Circle :DATA (109 pb b L
(5 250 - )
2] e o
a
O 4501 |
100+ .
50+ .
% 200 500
W + 2 jet mass [GeV/c?]
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s 200 events observed, 1314+30+29 expected:

CDF Preliminary 85pb™ y,b,jet Data
500 T T e
450 _ Photon E>25 GeV ..
. >2 jets E>30 GeV ]
400 _ O one SVX b-tag -

® two SVX b-tags

50:— p“ ‘ s
: “’3" :
0}- llllllllllllllllllllllllllllllll Losaalsasa

M(b,jet) (GeV/c )

— signal would be “spot” on plane
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projections of previous plot:

30 CDF Prehmmary 85pb y,b,jet Data
................ e S S L R SAs BARES RS a s

0 25 e Data E

? — Background

(norm. to data)
Technicolor x 4

Events/10
o

0 50 100 150 200 550 390350 700 450 500
M(b,jet) (GeV/c )

45
40
35
30
25
20
15
10

Events/5 GeV/c?

0 50 100 150 200 250 300 350 400
M(y,b,jet)-M(b,jet) (GeV/c?)
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cross section limits for particular mass choice:

oxBR (pb)

CDF Preliminary 85pb v,b,jet Data

L] L] LI

— Theory
Eichten, Lane and Womersley, Phys. Lett. B405 305 (1997)

llllllllllllllllllll lllll lllllllll[.llll]_

"III'II'II"'l'l"'ll"llll IIIIIIII III'!II"I'
b -

mT—wrcT-—wbb

M(r;)=120 GeV/c®

o Data 95% C.L. Limits |

NTC=4 Qp -Q 1= 1/3 MT_100 GeWc CTEQ4L, K-factor=1.3 A

125 150 175 200 225 250 275 300 325 350
o; Mass (GeV/c )



TOPCOLOR SIGNATURES

@ A/“ 'qu PYev{ou.s ‘L‘ec.hnico'or s,?mfuve:

Pl»\s .
* Isotn'P}d of " {-op-Pfons" Tft

from breakdown of SU(3) x V(1)

M —>th or 1-—>T.b
¥ ! T:?P-Y")OH Pf,’ ('rn «.JaMt—iTé'V)
b, bb
o (olov- octet gauge bosons _  Colovons or fofgluous
(me 05-2TeV, [y~ 05)

- Yeconances m bb, +T praduu‘r'm
~ @ ~ |-10 pb(Tevatron), 100pb= Inb (L

S TOPOOIOY Z;
£, = tt

44



PIND "W
0001 006 008 00L 009 005 Q07
%01=1"°Z10[00doL @
p/“_ %7 1=1°Z300pdoL v 4 0l
WOAIVARL ¢

g0

(qd)

"TPAJ] OC Y} 18 PIAIISQO 2q O} .
20URUOSAI B JOJ (Ne—X)g*O UTA L

v.v :._ Ssuconuw_

N~ ,Z A3 ¢-1~ Ssow
1)) O voLpYDAG w1 PARROSSY F 10ja2d0 |

uos32|[°L "X



Intense
Preton
Source

Pion Target

and Capture Workshop on Physics at

Solkenoid

Decay the First Muon Collider
and at the Front End of a

E Yonizat i
Lk Muon Collider
Stopped Muon
Physics
IINACS+ Thursday-Sunday, November 6-9,1997
Recirculation

Imtenge Vinon and Fermi National Accelerator Laboratory
Neuntrino Beams

First Muon Batavia, Illinois USA

Collider
Higgs, 1t , WW, _.

A large ongoing effort is being devoted to assessing the feasibilty of building a high-energy muon
collider. Initial results from the machine design studies are encouraging. The First Muon Collider (FMC)

is envisaged as a machine producing p*p” collisions at a center-of-mass energy in the range from m, up
to above the t tbar threshold. This would provide a step towards a very high energy collider (a 4 TeV
muon collider, for example). In addition to the collider ring, the FMC requires a very intense muon
source that provides a variety of additional physics possibilities. The FMC accelerator complex would
evolve within the following parameter ranges:

@ An intense low energy proton source delivering initially 6 x 102° protons/year and ultimately 1.5 x
1022 protons/year at 8 Ge V/c or above.

® An extremely intense very low energy muon source producing, for example, initially 8 x 10'?
muons/year, and ultimately 2 x 102! muons/year at ~100 MeV/c.

® A muon accelerator complex producing muon beams with energies up to a maximum of, for
example, 200 GeV, and the accompanying neutrino beams.



TECHNICOLOR AT
THE MUON COLLIDEK

e The low encvgz techni hadyons can be
onbed ot The EMC with \J§=100-5006e

“ SPedﬁ‘Caﬂg, neutval {;ecf'mc'pl‘ows and
technivectors ave very Nnayrow and Can
be Produceo( as ¢-channel vesonances

o Coupling bo ptp” ~ ™/, V Y246 GeV
So, T 7"'/-:2

— (0% times betfer than at ee”

~ 01 =10 nb

Also, J\P/P ~ 107> to o

@lu*/[ Collider will be

a vemarkable fac L‘f?
A9
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AT THE FMC

Technicolor  low enough | : =

in mass to be Produced at the FNMIC
will hove been discovered at The ] evatron
—-Cef"afn/ac at the LHC

So, Pf(u‘.&‘r‘on nea Surlments wow/d be the

.aroa/
FMC can be @ fedmc‘P:'m 'JcadOrg

St on the vesonance and Sfudg all dea:fs
and BR.» of fthe f's, Ww's and M's

(all- hadvoric modes are hard ot the hadron collidlers

ExPlore the Al gf)ec:f'mm of hadrons

S‘fud# () 'nferference

57



SUMMARY

o Technicoloy 1S an intu éive/g at
ana( ambih’ous Qm‘xlz —)CO“/ dznwm'ca{

E'eu‘roweak Symmefvy BYeakjnﬁ_

o Oeveval (ow energy .Su‘?na&uve: are accessibl

tractive

at the Tevatron and LHC

P Searches are underiay at The
Rates ~xI10 lnvrr ot LHC. So, TC
Sr'gnafures cshowd be easf‘/y obsevvable

Muwon collider would be a vemarkable
‘Fa,dlt'fg ‘[‘0 Sﬁtd? {edmc‘co/or. Speofacu/ar

mavow) Yesonanwes ave expcded.

Tevatron.

& NQ dOﬂ‘t know l"lOIfO ’ha‘rure has chosen

to break E,edroweak Sg?nmc'/‘f# and,
Favor ngme:’rg, We should be o‘txn-m(nde
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